cross-sectionally, and longitudinally, adjusting for baseline covariates, in patients having baseline plus ≥1 post-baseline assessment.
Results: Baseline-adjusted completion rates for all HRQoL questionnaires across treatment arms were 65% and 70% for dacarbazine and nivolumab, respectively, and remained similar throughout treatment. The mean baseline HRQoL scores were similar for patients treated with nivolumab and dacarbazine. Baseline HRQoL levels with nivolumab were maintained over time. This exploratory analysis showed a between-arm difference in favor of nivolumab on the EQ-5D utility index and clinically meaningful EQ-5D improvements from baseline at several time points for patients receiving nivolumab. Patients treated with nivolumab did not show increased symptom burden as assessed by the EORTC QLQ-C30. No HRQoL change was noted with dacarbazine patients up to week 43, although the high attrition rate after week 13 did not allow any meaningful analyses. Patients receiving nivolumab deteriorated significantly later than those receiving dacarbazine on several EORTC QLQ-C30 scales and the EQ-5D utility index.
Conclusions: In addition to prolonged survival, these exploratory HRQoL results show that nivolumab maintains baseline HRQoL levels to provide long-term quality of survival benefit, compared with dacarbazine in patients with advanced melanoma. Key words: advanced melanoma, health-related quality of life, nivolumab, programmed death-1 receptor introduction
The treatment paradigm for advanced melanoma has changed dramatically in recent years with the approval of new agents in many countries, such as inhibitors of the programmed death-1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) pathways. PD-1 pathway inhibitors in particular have produced durable responses and have been proven to be tolerable in clinical trials in patients with advanced melanoma and other tumor types [1, 2] . The PD-1 inhibitor nivolumab was associated with a significant survival benefit and a favorable safety profile in a phase III study [CheckMate (Checkpoint pathway and nivolumab clinical trial evaluation) 066] versus dacarbazine chemotherapy in treatment-naïve patients with metastatic melanoma without a BRAF mutation [3] . In that study, the median overall survival (OS) was not reached with patients treated with nivolumab and was 10.8 months with patients treated with dacarbazine [hazard ratio (HR) for death, 0.42; 99.79% CI 0.25-0.73; P < 0.001] after a median follow-up of 16.7 months. In another phase III study (CheckMate 037), response rates improved in patients treated with nivolumab with disease progression following the CTLA-4 inhibitor ipilimumab and, if BRAF V600 mutation positive, a BRAF inhibitor, when compared with chemotherapy [4] . Responses with nivolumab can be delayed up to ∼7 months after treatment initiation [4] .
A frequent concern with immunotherapies is that their toxicity profile might diminish health-related quality of life (HRQoL), even when meaningful disease outcomes are observed. Given the increasing importance of considering HRQoL during treatment decision-making in oncology, the CheckMate 066 study incorporated these measures. Herein are presented results of prospectively collected analyses in CheckMate 066 that compared the impact of nivolumab and dacarbazine on HRQoL using reliable and validated patient-reported outcomes (PROs).
methods study design
CheckMate 066 was a phase III, randomized, double-blind study comparing nivolumab 3 mg/kg every 2 weeks with dacarbazine 1000 mg/m 2 of body surface area every 3 weeks in treatment-naïve patients who had metastatic melanoma without a BRAF mutation [3] . The primary end point was OS; secondary end points included progression-free survival (PFS), objective response rate as determined by RECIST version 1.1 [5] , tumor PD-L1 expression, and European Organisation for Research and Treatment of Care (EORTC) Core Quality of Life Questionnaire (QLQ-C30); exploratory end points included EuroQoL Five Dimensions Questionnaire 3L (EQ-5D 3L) [3] .
HRQoL assessment
HRQoL in CheckMate 066 was evaluated using the EORTC QLQ-C30 [6, 7] and the EQ-5D 3L [8] , two PROs whose use has been well documented in advanced melanoma [9] [10] [11] [12] [13] [14] [15] . PRO data were captured electronically. The EORTC QLQ-C30 is a validated, self-reported, 30-item, generic measure of HRQoL composed of a global health status/QoL, five functional ( physical, role, emotional, social, and cognitive), and nine symptom or single-item (fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial difficulties) questions. Raw scores were transformed to a linear scale ranging from 0 to 100, with higher scores representing better outcomes on the global health status/QoL and functioning scales and worse outcomes on the symptom and single-item scales. The minimally important difference (MID), which indicates clinically meaningful change, is a change in score of ≥10 [7] . This MID has been validated in four domains ( physical functioning, emotional functioning, social functioning, and global QoL).
The EQ-5D 3L is a validated, self-reported, generic measure of HRQoL composed of the EQ-5D utility index and EQ visual analog scale (VAS) [8] . The EQ-5D utility index comprises five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), each having 3 assessment levels (no, some, or extreme problems). The EQ VAS evaluates the patient's self-rated health state on a 100-point vertical VAS (0, worst imaginable health state; 100, best imaginable health state). MID is a score difference of ≥0.08 for the EQ-5D utility index and of ≥7 for the EQ-5D VAS [16] .
statistical analysis
HRQoL was assessed at baseline, every 6 weeks while on treatment, and at follow-up visits 1 and 2 (30 and 100-114 days, respectively, after discontinuing treatment). HRQoL was analyzed for all randomized patients who had baseline and ≥1 post-baseline assessments, regardless of timeframe. The adjusted questionnaire completion rate (defined as the proportion of patients who completed the questionnaire using the number of patients alive in the CheckMate 066 study at the particular time point as the denominator) was results patients A total of 418 patients were randomized to nivolumab (n = 210) or dacarbazine (n = 208) in Europe, Israel, Australia, Canada, and South America between January 2013 and January 2014 [3] . Baseline patient characteristics have been previously reported and were well balanced between the treatment groups [3] .
HRQoL questionnaire completion rates
Questionnaires were completed over a maximum treatment period of 73 weeks in the nivolumab arm and 61 weeks in the dacarbazine arm, as well as at two follow-up visits after treatment was discontinued. The adjusted questionnaire completion rates for the EORTC QLQ-30 and EQ-5D at baseline were 70% for the nivolumab arm and 65% for the dacarbazine arm, and remained similar to baseline throughout treatment (supplementary Table S1 , available at Annals of Oncology online). HRQoL analysis involving dacarbazine was difficult after week 13 due to small sample size attributed to high attrition rate (n ≤ 41).
descriptive and cross-sectional HRQoL analyses
The mean (SD) EORTC QLQ-30 global health status/QoL scores at baseline were similar for patients treated with nivolumab [68.9 (20.2)] and for those treated with dacarbazine [66.2 (25.1)]. The mean changes from baseline in global health status/ QoL scores that occurred, beginning at week 7, were modest with a trend toward improvement in both treatment groups, but these improvements were neither statistically significant nor clinically meaningful within each treatment group ( Figure 1A) . At week 25, there was a trend toward worsening in the dacarbazine group but not in the nivolumab group; however, the change from baseline was neither statistically significant nor clinically meaningful. There were also no significant differences between the treatment arms at any time point. In general, both EORTC QLQ-C30 functioning subscale and symptom mean scores remained relatively stable over time compared with baseline for both groups, with a few statistically significant and clinically meaningful changes. The exploratory analysis mean (SD) EQ-5D utility scores were higher at baseline for patients treated with nivolumab [0.778 (0.215)] than for those treated with dacarbazine [0.711 (0.310)], and remained higher over time versus dacarbazine ( Figure 1B ). Significant improvements from baseline were observed for patients receiving nivolumab from week 7 (P = 0.011) through week 49 (P = 0.034). For patients receiving dacarbazine, there were no significant improvements from baseline at any time point. The only significant difference observed between treatment arms was at week 7 (P = 0.045), with improvement in nivolumab patients and deterioration in dacarbazine patients. Clinically meaningful improvements occurred in patients treated with nivolumab at weeks 37, 61, and 67.
Exploratory analysis mean (SD) EQ-5D VAS scores at baseline were similar for patients treated with nivolumab 70.9 (19.9) and those treated with dacarbazine 69.1 (21.8). Significant improvements from baseline were observed for patients receiving nivolumab at weeks 25, 31, and 37 (P ≤ 0.03; Figure 1C ). Clinically meaningful improvements were noted for nivolumab patients at weeks 31, 37, 49, 55, and 61. No significant or clinically meaningful improvements from baseline were observed for dacarbazine patients. There were also no significant differences between the treatment arms at any time point.
MMRM analysis
In longitudinal modeling conducted across 61 weeks, significant improvements versus baseline were identified for patients treated with nivolumab in some PRO scales, including EORTC QLQ-C30 emotional functioning, nausea and vomiting, and insomnia; EORTC QLQ-C30 emotional functioning improved with dacarbazine (all P < 0.05; Table 1 ). None of these improvements were clinically meaningful based on MID. There were significant deteriorations from baseline in physical functioning in patients treated with nivolumab, and dyspnea in patients treated with dacarbazine. No significant differences were noted between the treatment arms for any of the EORTC QLQ-C30 functional domains or symptom/single-item scales.
time to deterioration
Patients treated with nivolumab were significantly less likely to deteriorate before those treated with dacarbazine for EORTC QLQ-C30 global health (Figure 2A ), physical functioning ( Figure 2B ), role functioning, emotional functioning, cognitive functioning, social functioning, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, and constipation, as well as EQ-5D utility index (supplementary Table S2 , available at Annals of Oncology online).
PMM analysis
In a sensitivity analysis adjusting the MMRM models for early (last visit ≤19 weeks) or late dropout (last visit ≥25 weeks), no significant interactions for HRQoL between treatment and dropout were observed, apart from a significant interaction for the exploratory analysis EQ-5D VAS. Therefore, the missing 
discussion
Herein presented are the results of the prospectively collected analyses that assess the impact of the PD-1 inhibitor nivolumab on HRQoL in patients with advanced melanoma. In addition to the survival benefit seen with nivolumab when compared with dacarbazine in these treatment-naïve patients in the phase III CheckMate 066 study, baseline HRQoL levels with nivolumab were maintained over time, as assessed using validated selfreported questionnaires. Although only a single between-arm difference in favor of nivolumab was observed on the EQ-5D utility index at week 7, exploratory analyses showed significant and clinically meaningful EQ-5D improvements from baseline at several time points for patients receiving nivolumab. No statistically significant or clinically meaningful EQ-5D improvements from baseline were observed in patients treated with dacarbazine. An increased symptom burden was not observed with nivolumab, which is consistent with its adverse event profile in this trial [3] . In summary, no deterioration of HRQoL was identified with nivolumab. When added to the survival benefit of nivolumab, the benefit-to-risk ratio favors nivolumab over dacarbazine. The PRO data were collected for the duration of treatment, for a period that exceeded 15 months in the nivolumab arm. Although HRQoL data are typically collected during a short timeframe in clinical studies, these analyses from CheckMate 066 examined long-term HRQoL. In addition, exploratory analyses revealed significant later time to deterioration or earlier time to improvement on several PRO scales in patients treated with nivolumab when compared with those treated with dacarbazine, confirming the superior benefit of nivolumab over dacarbazine in terms of not only survival but also quality of survival from the patient's perspective. These results suggest that patients receiving nivolumab for melanoma can expect to maintain their quality of life throughout treatment.
Although these findings provide insights into the impact of nivolumab on HRQoL, several factors limit data interpretation. First, the study used PROs that were not developed and validated specifically for melanoma. However, given their common use in melanoma clinical trials, these instruments were considered to be the most content valid among those currently available. Additionally, an MID of 10 points was used to identify clinically meaningful differences for all EORTC QLQ-C30 domains [7] , similar to previous HRQoL work in this disease, but this MID has been validated in only four domains ( physical functioning, emotional functioning, social functioning, and global QoL). Thus, the MID analysis for the other domains should be interpreted with caution. In addition, the MID for EQ-5D, although commonly used in clinical studies, has not been validated in melanoma patients. Because the analyses in this study were exploratory, P values have not been adjusted for multiplicity and must be interpreted with caution. In addition to the statistical analyses, differences should be assessed according to MID to identify clinically meaningful data. Finally, the high attrition rate in the dacarbazine arm, possibly due to death and/or disease progression (median PFS 2.2 versus 5.1 months with nivolumab) [3] , limited the comparative analyses at later time points in the study. More specifically, there was a significant difference between early and late dropout between treatment arms for both the EORTC QLQ-C30 and EQ-5D instruments, indicating that patients in the dacarbazine arm were more likely to dropout earlier than those in the nivolumab arm. A significant interaction between dropout, treatment, and time was observed for the EQ-5D VAS according to a PMM that was used to test the impact of missing data on treatment results. It is possible that the missing data for the EQ-5D VAS may not be considered at random, indicating that the MMRM results might be biased. This study presents the results from a multi-step analytical plan, considering data descriptively, cross-sectionally, and longitudinally, along with a PMM sensitivity analysis, so that conclusions are supported by a range of analytical methods. In CheckMate 066, nivolumab was associated with maintenance of HRQoL baseline levels over time, in addition to the survival benefits and a manageable adverse event profile. The HRQoL results presented for this study further support the clinical benefit of nivolumab in patients with advanced melanoma and show that nivolumab provides long-term quality of survival benefit in this population. In the future, the HRQoL analyses carried out here should be replicated for nivolumab versus other standards of care or emerging therapies and be stratified by patient subgroup characteristics (e.g. BRAF mutation and PD-L1 expression status) to further delineate the clinical value of nivolumab in advanced melanoma. 
